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Abstract 
With the continuous development of science and technology, the method of using the pre-stressed carbon fiber on the concrete 
structure, in particular on the bridge structure has become a research direction by the domestic and foreign scholars. In this paper, 
it has done the long-term test for the civil carbon fiber in the laboratory on the base of the research of reinforced concreted beams 
with pre-stressed CFRP plate, and has observed the slip of the carbon fiber fixed on the side of the tension anchor. The results 
showed that: when put 50% of the ultimate stress of the carbon fiber on the carbon fiber, under the action of long-term tension, 
the variation of carbon fiber and the slip of the carbon fiber fixed on the side of tension anchor can all achieve intended purpose 
of the experiment (the pre-stressed tensioning equipment is the patent invented by the Professor Shouping Shang in Hunan 
University) ,which provides the experimental data on the long-term performance research of the civil carbon fiber reinforced on 
the concrete structures. 
 
© 2010 Published by Elsevier Ltd. 
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1. Introduction 
With the rapid development of the national economy, highway transport is growing in infrastructure. When 
bridge construction is carried out in many applications of using new technology and new materials, a number of in-
service old bridges needs reinforcement because of overloading, traffic increasing and other reasons. The technology 
of strengthening the bridge by pasting the carbon fiber sheets (CFRP Laminate) materials has been favored by the 
general engineering because of its advantages, for example, high-strength corrosion-resistant materials, simple and 
efficient process. Many researchers and engineers have started a large number of studies for the technology. But 
with the deepening of research and application, researchers find that strengthening effect is not ideal because the 
CFPR strength is more bigger than elastic modulus, tensile strength requires big deformation to be full used, and the 
traditional reinforcement technology of pasting CFRP is huge waste for the materials, tensile contribution is very 
limited. The technology of pre-stressed Carbon Fiber Reinforced Polymer is a new reinforcement technique started 
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to study abroad, which pre-stress on the carbon fiber sheets to play the considerable strength in advance. The 
technology of pre-stressed CFRP can take advantage of Strength properties of the materials, improves interfacial 
bond stress distribution between the carbon fiber and the concrete, thus delay the de-bonding failure of the carbon 
fiber. 
In recent years, the domestic and foreign researchers carry out a number of research directions in reinforce 
concrete beams by using pre-stressed CFRP, and obtain some valuable research results, but the CFRP study of long-
term creep performance is few. As CFRP works under the long-term pre-stressed state in the actual reinforcement, 
the CFRP study of long-term creep performance is very important. Hunan University has monitored the carbon fiber 
for nearly three years after the reinforcement completion of the Jin-Gang bridge at the Liu-Yang river, the 
monitoring result is that the creep of import carbon fiber is less than 0.4% of the initial maximum pre-strain. 
Now the domestic research institutions and major institutions conduct relevant tests by basically using import 
carbon fiber sheets, particularly the relatively more complex production process of carbon fiber sheets, and now 
many manufacturers have made the production and sold the carbon fiber plate at the domestic market. The tensile 
strength of domestic carbon fiber sheet is about 2/3 of import carbon fiber sheet, but the price of domestic carbon 
fiber sheets is about 1/4 of import carbon fiber sheet [1]. Therefore, it is no doubt that using domestic carbon fiber 
sheet to strengthen the structure is a very economic and practical in the case of quality assurance for the general 
strengthening projects. Domestic manufacturers of the carbon fiber sheets mainly use imported carbon fiber 
precursor to product carbon fiber sheets by further producing process, but it is limited to the production technology 
and production conditions, the using performance of carbon fiber sheets still need to be tested in practice. For this 
problem, the paper did experiments of tension reinforcement simulation of pre-stressed CFRP according to the 
actual situation, and has tested material properties of a domestic carbon fiber sheets, has studied its long-term creep 
performance under pre-stressed, and has been tested the stability of the anchoring device [2]. 
2. Experimental program 
2.1. The experimental materials 
The experimental material of carbon fiber sheet is provided by a domestic manufacturer in the paper. The 
specifications were 10cm width × 1.2mm thick and 5cm width × 1.2mm thick. Material parameters are as follows: 
Table 1.  The parameters of a domestic carbon fiber
Tensile strength  
  
Elastic modulus 
(GPa) 
Elongation 
(%) 
2510 165 1.7 
2.2. The experimental device 
In this paper, the tension and anchor device of carbon fiber sheet created by School of Civil Engineering Hunan 
University is used in the test, which has received the national patent, and has been used successfully in pre-stressed 
carbon fiber reinforced engineering of the Jin-Gang-Tou bridge, where is at Liu-Yang city in Hunan province, but 
the reinforced material of carbon fiber is imported sheets, it has not practical engineering experience for the 
performance of domestic carbon fiber sheets [3,4]. 
The actual reinforcement projects are large-span structures, for example bridges and so on, the structural 
scantlings are very long. The reinforcement specimen size is generally difficult to achieve full-scale requirements in 
the research, mostly are scale models. In this paper, firstly the tension and anchor device of pre-stressed carbon fiber 
sheets is placed in I-shaped steel beam of 12m-long, then carries out pre-stressed test, which closes to the actual 
reinforcement situation. 
As the strain of the carbon fiber plate is big in tension and anchor in the test, and exceeds the range of the fiber 
Bragg grating strain gauge, firstly initial pre-tensile strain of the carbon fiber plate is measured by resistance strain 
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gauges. After the tension is controlled to initial stress, the long-term pre-stressed creep of the carbon fiber plate is 
measured by the fiber Bragg grating strain gauge. The test device is shown in Fig. 1; an indoor shooting real 
experimental device is shown in Fig. 2(a). 
 
Fig. 1. The experimental device of the pre-stressed carbon fiber (1-I-shaped steel beam; 2-Fiber Bragg grating strain gauge; 3-FBG thermometer; 
4-Carbon fiber sheet; 5-Anchor; 6-Dial indicator; 7-Tensioning equipment) 
 
  
(a)       (b)     
 Fig. 2. (a)  The experimental equipment; (b) Anchor side indentation conditions of 10cm wide carbon fiber 
2.3. The material test 
The actual ultimate tensile strength of carbon fiber sheets is critical for the values of initial tension stress in the 
test, so the material nature test must be done, the materials are domestic carbon fiber sheets, the width respectively 
are 10cm and 5cm. The destruction of carbon fiber is almost from the anchor side to begin to tear until the 
destruction of block board, the indentation case of carbon fiber sheets in the anchor side is shown in Fig. 2(b), the 
experimental results are shown in Table 2. 
Table 2. The measured material parameters of carbon fiber 
Specification 
(mm×mm) 
Ultimate tensile strength 
(MPa) 
Elastic modulus 
(GPa) 
100×1.2 1564.8 148.2 
50×1.2 1819.2 184.7 
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3. The main results 
The creep fracture properties of the carbon fiber sheets are considered in the American order of "reinforced 
concrete structures with externally bonded FRP design and construction guidance of order", which limit that the 
maximum tensile stress of carbon fiber sheets does not exceed 55% of the ultimate strength in the reinforcement. As 
tensile force may exist small eccentric in the material test and other factors, which may lead not to fully play of 
strength of carbon fiber sheets, the tension stress value of 10cm wide carbon fiber takes 800MPa, which is about 
51% of the measured tensile strength, the tension stress value of 5cm wide carbon fiber takes 900MPa, which is 
about 49% of the measured tensile strength. 
Firstly, anchor one end of the carbon fiber in the test, and ensure that the carbon fiber is at the middle of the 
anchor device in order to avoid destruction of the carbon fiber caused by asymmetric tension, then paste the 
resistance strain gauges in the carbon fiber surface, and install dial indicator at one end of anchor. Stretch 
synchronous jack to the tension control stress. Use the strain gauge to measure the strain of carbon fiber through the 
course of the tension, anchor the other end of the carbon fiber when completed, then install dial indicator at the other 
end of anchor, remove the jack and paste the fiber Bragg grating strain gauge and the fiber Bragg grating 
thermometer in the carbon fiber surface, the fiber Bragg grating thermometer provides the temperature 
compensation value. 
3.1. The stress-strain of carbon fiber in tensile process 
In the test, we respectively take 10cm and 5cm wide carbon fiber to pre-stress tension test, as the strain value of 
the carbon fiber is big in the process of pre-stressed tension, the measurement range of FBG sensors can not meet 
the requirements, so use the resistance strain gage to measure stress strain of the carbon fiber, the stress-strain curve 
of carbon fiber sheet is linear seen from Fig. 3, and the carbon fiber can be approximately considered as a linear 
elastic material in the design of strengthening. When tensile stress reaches to the initial control, obtain the initial 
strain value of the domestic carbon fiber0, the value of 10cm width carbon fiber sheet is 5363, 50cm width of 
carbon fiber sheet is 4743.  
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(a)       (b) 
Fig. 3. (a) Stress-strain relationship of 10 cm carbon fiber during tensile; (b) Stress-strain relationship of 5 cm carbon fiber during tensile 
3.2. The slip case of carbon fiber at anchor side 
We observe the slip case both ends of the carbon fiber sheets through the fixed dial indicator after the carbon 
fiber sheets are anchored. The results of observation are shown in Table 3 and Table 4. It can be seen from the 
observations that the anchoring effect of the anchoring device used in this experiment is very good, the maximum 
slip is only 0.021mm, and the slip tends to ease, the relative slippage gradually reduces. According to the formula  
= Ƹ L / L, the strain of 5cm wide carbon fiber produced by the slip of the anchor device is 1.66, which is 0.31% 
of the initial pre-tension strain, the strain of 10cm wide carbon fiber produced by the slip of the anchor device is 
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1.83, which is 0.39% of the initial pre-tension strain. So the device can effectively prevent the carbon fiber sheet 
to slip avoiding to pre-stress loss under long-term pre-stress. 
3.3. The long-term monitoring results of carbon fiber creep 
In the test, we take Fiber Bragg Grating Sensors to monitor the long-term creep value of the carbon fiber after the 
carbon fiber is anchored. The theoretical formula provided by manufacturer is as follows: 
Table 3.  Anchor slip of 10cm wide carbon fiber 
Time 
(h) 
The reading of  
left dial  
Indicator (mm) 
Anchorage  
opposite slip 
1 (mm)  
Anchorage slip 
S1(mm) 
The reading of right dial 
 Indicator (mm) 
Anchorage opposite  
slip2 (mm) 
Anchorage slip
S2 (mm) 
0 1.379 - 0 0.622 - 0 
972 1.363 0.016 0.016 0.625 0.003 0.003 
1188 1.361 0.002 0.018 0.625 0 0.003 
2244 1.360 0.001 0.019 0.628 0.003 0.006 
2988 1.360 0.000 0.019 0.628 0 0.006 
Table 4.  Anchor slip of 5cm wide carbon fiber 
Time 
(h) 
The reading of  
left dial 
 Indicator (mm) 
Anchorage  
opposite  
slip1 (mm) 
Anchorage slip 
S1(mm) 
The reading of 
 right dial indicator  
(mm) 
Anchorage opposite  
slip2 (mm) 
Anchorage slip 
S2 (mm) 
0 1.138 - 0 0.049  - 0 
1 1.138 0 0 0.060  0.011  0.011  
24 1.138 0 0 0.063  0.003  0.014  
1032 1.133 0.005 0.005 0.068  0.005  0.019  
1776 1.131 0.002 0.007 0.070  0.003  0.021  
Table 5. The grating test data of 5cm wide carbon fiber plate  
Interval 
(h) 
Wavelength of 
 fiber grating  
strain gauge 
(nm) 
Relative change  
of strain gauge  
wavelength 
(nm) 
wavelength of FBG 
 thermometer 
(nm) 
Relative change of  
the thermometer  
wavelength 
(nm) 
Ultimate  
strain 
 
relative Change 
amount of initial 
strain(%) 
0 1526.863 - 1541.910 - 0 - 
0.5 1526.863 0.000 1541.907 -0.003 3.540 0.07 
1 1526.868 0.005 1541.905 -0.005 5.030 0.11 
2 1526.866 0.003 1541.905 -0.005 4.909 0.10 
840 1526.906 0.043 1541.904 -0.006 6.488 0.14 
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Table 6. The grating test data of 10cm wide carbon fiber plate 
Interval 
(h) 
Wavelength of  
fiber grating  
strain gauge  
(nm) 
Relative change  
of strain gauge  
wavelength 
(nm) 
wavelength of FBG 
 thermometer 
(nm) 
Relative change of 
 the thermometer  
wavelength  
(nm) 
Ultimate  
strain 
 
relative Change  
amount of initial  
strain (%) 
0 1547.747 - 1547.901 - 0 - 
0.5 1547.700 -0.047 1547.924 0.023 -23.990 0.45 
1 1548.374 0.627 1547.917 0.016 -16.102 0.30 
2 1548.718 0.971 1547.921 0.020 -20.517 0.38 
936 1548.567 0.820 1547.882 -0.019 -19.865 0.37 
3000 1547.903 0.156 1547.904 0.003 -3.046 0.06 
 
(1) Temperature calculation of temperature sensor 
 
( )T T BTT                                                                                                                                                    (1) 
 
where T  is temperature coefficient of temperature sensor(°C/nm); T  is the measuring wavelength of temperature 
sensor(nm); T is the initial wavelength of temperature sensor(nm). 
(2)Strain calculation of the strain gauge: 
 
67.22 0.4312 10 0.784
0.784 0.784
B
B
T  

   	
                                                                                                           (2) 
 
 is the measuring wavelength of strain sensor(nm); B  is the initial wavelength of strain sensor(nm);  is thermal 
expansion coefficient of the carbon fiber sheets (/°C). 
The experimental data is observed at room temperature 20°C, the strain data of the carbon fiber sheets under long 
pre-stress is calculated according to above formula, the results are shown in Table 5 and Table 6. 
4.  Conclusion 
(1)We can see from the slip of the carbon fiber sheets near the anchor device that the anchoring effect of the 
anchor device created by Hunan University is very good, the slip of the carbon fiber sheets near the anchor device is 
very small under long-term pre-stress, which can be probably think that the pre-stress loss caused by the 
Deformation and relaxation of the anchor is near to zero.  
(2) It can be seen from this experiment that the creep of domestic carbon fiber sheets is very small under long-
term pre-stress, so the domestic carbon fiber sheets can be used as reinforcement material of concrete beams. 
We will continually monitor the long-term creep performance of domestic carbon fiber sheets under pre-stress in 
the future, which provide reliable experimental data for the concrete structure reinforcement of domestic carbon 
fiber sheets.  
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